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1. Introduction

Globally, aging has emerged as a prominent phenomenon 
in modern society, driven by advances in medical care and 
higher living standards (1). As of 2022, the population age 
65 and older has surpassed 500 million worldwide, with 
projections indicating a rise to 1.2 billion by 2050. This 
trend underscores the pervasive challenge of aging faced 
by nations across the globe (2). As aging becoming more 
pronounced, the prevalence of chronic conditions among 
the elderly, including dysphagia, has increased (3). Despite 
its prevalence, dysphagia often remains overlooked, 
despite being a widespread health concern (4). Estimates 
suggest that 30% to 40% of the elderly population 
experience dysphagia (5-7).
 Dysphagia manifests as abnormal difficulty or 
discomfort in the swallowing process, stemming from 
problems with the muscles and nervous system of the 
pharynx (8). It impacts dietary intake and nutritional 
status and also poses risks for various complications, 
including potentially life-threatening lung infections (9). 
In a cross-sectional study among elderly nursing home 

residents, those with dysphagia had a 6-month mortality 
rate of 24.7%, compared to 11.9% among those without 
dysphagia (p < 0.001) (10). In addition, dysphagia was 
found to be an independent risk factor for mortality in 
this population (10). As a result of the aging process, 
dysphagia is thus a significant health concern among the 
elderly, significantly affecting their quality of life and 
overall health status.
 Therefore, obtaining a comprehensive understanding of 
dysphagia's current status, etiology, diagnostic approaches, 
and therapeutic interventions in aging populations is 
crucial to improving the well-being and health outcomes 
of older adults. The current work aims to provide an in-
depth analysis and discussion of dysphagia in order to 
offer theoretical insights and practical recommendations 
to support future research endeavors and clinical 
interventions.

2. Current status of dysphagia in the context of aging

2.1. Pathophysiological characteristics of dysphagia in the 
aging population
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As the population ages, the prevalence of dysphagia among older adults is a growing concern. Age-
related declines in physiological function, coupled with neurological disorders and structural changes 
in the pharynx associated with aging, can result in weakened tongue propulsion, a prolonged reaction 
time of the submental muscles, delayed closure of the laryngeal vestibule, and delayed opening of the 
upper esophageal sphincter (UES), increasing the risk of dysphagia. Dysphagia impacts the physical 
health of the elderly, leading to serious complications such as dehydration, aspiration pneumonia, 
malnutrition, and even life-threatening conditions, and it also detrimentally affects their psychological 
and social well-being. There is a significant correlation between frailty, sarcopenia, and dysphagia 
in the elderly population. Therefore, older adults should be screened for dysphagia to identify both 
frailty and sarcopenia. A reasonable diagnostic approach for dysphagia involves screening, clinical 
assessment, and instrumental diagnosis. In terms of treatment, multidisciplinary collaboration, 
rehabilitation training, and the utilization of new technologies are essential. Future research will 
continue to concentrate on these areas to enhance the diagnosis and treatment of dysphagia, with the 
ultimate aim of enhancing the quality of life of the elderly population.
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Swallowing is a complex process involving coordinated 
interactions among various systems and tissues, 
including the central nervous system, sensory nerves, 
motor nerves, and peripheral receptors (11). In addition, 
the intact anatomical structure of the pharynx is crucial 
to proper swallowing. The normal swallowing process 
consists of four phases: oral preparatory, oral propulsive, 
pharyngeal, and esophageal (7). In the oral preparatory 
phase, an individual forms a homogeneous food bolus 
in the anterior part of the mouth. In the oral propulsive 
phase, the tongue applies pressure on the palate to propel 
the food through the upper esophageal sphincter (UES) 
with minimal resistance (12). Pharyngeal contractions 
primarily contribute to pharyngeal clearance (12). 
The pharyngeal phase entails a series of automatic, 
involuntary neuromuscular events initiated by the 
passage of gastric juices through the pharyngeal column, 
driven by the tongue. The soft palate ascends to close 
the nasopharynx, preventing regurgitation of food 
into the nasal cavity. The suprahyoid muscles elevate 
the hyoid bone and raise the larynx, and the epiglottis 
closes the entrance to the larynx. During the esophageal 
phase, the tongue's root contacts the pharyngeal wall 
while the hyoid bone moves forward, coinciding with 
the relaxation of the cricopharyngeal muscles and the 
opening of the UES. Involuntary esophageal peristalsis 
propels the homogeneous food bolus through the upper 
gastrointestinal tract and into the stomach.
 In the elderly, alterations in the swallowing reflex 
can arise due to declining physiological function, 
nervous system diseases, and structural changes in the 
pharynx (13). These alterations encompass reduced 
tongue propulsive force, a prolonged response time of 
the submental muscles, delayed closure of the laryngeal 
vestibule, and delayed opening of the UES (14). 
Notably, delayed closure of the laryngeal vestibule and 
delayed opening of the UES are pivotal contributors 
to impaired swallowing particularly in the elderly. 
Decreased thrust force may lead to post-swallowing 
oropharyngeal food retention, potentially resulting in 
malnutrition, neuromuscular conditions, and sarcopenia 
according to several studies (15-17). Various factors, 
such as diminished oropharyngeal sensitivity, reduced 
neuron counts, and damage to the swallowing-related 
areas in the cerebral cortex or brainstem, may contribute 
to delayed swallowing, particularly prevalent in the 
elderly, prompting delayed swallowing maneuvers 
(16,18,19). Moreover, reduced sphincter opening in 
the elderly may signify decreased upper dental support 
and/or weakened food propulsion (20). Physiological 
apnea occurs during swallowing in healthy individuals 
(21), but older adults or those with concurrent nervous 
system diseases or chronic obstructive pulmonary 
disease may have increased swallowing frequency 
during the inspiratory phase, increasing the risk of 
aspiration linked to swallowing (22).

2.2. Prevalence of dysphagia in an aging population

As individuals age, systems in the elderly gradually 
fall out of balance and functionally decline, resulting in 
a decrease in neural and muscular functional reserve, 
which impacts swallowing function (23). In addition, 
as muscle strength, including that of the muscles of 
the larynx and oropharynx, diminishes over time, 
coordination and strength during swallowing are 
compromised, thereby increasing the risk of dysphagia 
(24). Decreased muscle mass have been identified as 
an independent risk factor for dysphagia (25). The risk 
of oropharyngeal dysphagia increases in individuals of 
advanced age with the increased incidence of frailty, 
muscle loss, and comorbidities (26). A study has 
indicated that frailty correlates with dysphagia and 
reduced quality of life, irrespective of age, the presence 
of dementia, or nutritional status (27). The prevalence of 
oropharyngeal dysphagia among independently living 
seniors (mean age: 78.2 years) was 27.2% (28). In 
healthy seniors, alterations in swallowing function do not 
signify pathology (29) (as shown in Table 1).
 There is a significant correlation between decreased 
tongue strength and aspiration (41). Sarcopenia was 
observed in 45% of the elderly with concurrent dysphagia 
residing in nursing homes (35). Within geriatric outpatient 
clinics, 6.7% of patients over the age of 60 had dysphagia 
(38). Among elderly patients with concomitant frailty 
hospitalized in emergency departments, 47.4% had 
dysphagia (42,43).
 As the elderly population continues to grow, there 
is a corresponding increase in the proportion of elderly 
individuals with combined neurological disorders (1,8), 
which increases the risk of developing dysphagia. Over 
the years, the prevalence of stroke surged by 102% 
from 1990 to 2019, with approximately 42% or more 
of stroke survivors experiencing dysphagia (44,45). 
In 2018, the global prevalence of Alzheimer's disease 
(AD) stood at 50 million, a figure projected to triple 
by 2050 (46). Roughly 80% of individuals with AD 
have dysphagia (47). A study conducted in the US 
revealed that Parkinson's disease was diagnosed in over 
50% of individuals age 85 and over (48), with 60% of 
Parkinson's patients experiencing pharyngeal dysphagia 
(7,47). In addition, other neurological disorders such as 
traumatic brain injury and neurological tumors can also 
affect the neural control of the pharynx, consequently 
impacting swallowing (49-51). Moreover, oral health 
issues such as tooth loss and dry mouth, cervical 
and laryngeal tumors, and postoperative esophageal 
stenosis can exacerbate dysphagia (52,53). Alterations 
in oral function and oral sensorimotor function among 
older adults and those receiving long-term care in 
senior populations are linked to a higher prevalence 
of oropharyngeal dysphagia (54). Consequently, 
swallowing function in older adults typically declines 
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psychological issues like anxiety and depression and 
diminishing their overall quality of life. A study found 
that 41% of dysphagia patients experience anxiety or 
panic during meals, and more than one-third avoid 
communal dining due to dysphagia-related concerns (5). 
Intermittent dysphagia is often linked to anxiety, whereas 
progressive dysphagia is primarily associated with 
depression (56). Studies have indicated that depression 
affects 7.2–49% of the elderly population (57) while 
anxiety disorders affect 3–14% (58). These psychological 
factors can further disrupt normal swallowing function 
and exacerbate dysphagia symptoms, perpetuating a 
vicious cycle. Complications stemming from dysphagia 
can lead to muscle frailty, decreased functionality, 
hospi ta l  admission,  increased comorbidi t ies , 
readmission, increased use of medication, and prolonged 
hospitalization (59). Consequently, dysphagia poses a 
significant socioeconomic burden, intensifying both the 
social and psychological strain on patients and placing 
substantial pressure on national healthcare budgets (60).

3. Screening and evaluation of dysphagia

3.1. Screening for frailty and sarcopenia in the elderly 
population

Frailty and sarcopenia are prevalent among elderly 
individuals and are closely linked to the onset of 
dysphagia. Therefore, comprehensive screening, 
including assessments for frailty and sarcopenia, is 
advisable in this demographic. Currently, widely 
utilized screening tools for frailty include the Clinical 
Frailty Scale (CFS) and the Comprehensive Geriatric 
Assessment (CGA) (61). A study has indicated that 
use of the CGA yielded favorable outcomes among 
hospitalized elderly patients, such as decreased mortality 

with age, compounded by the presence of multiple 
chronic conditions common in the elderly population, 
such as stroke and geriatric diseases, thereby further 
increasing the prevalence of dysphagia.

2.3. Complications associated with dysphagia in elderly 
individuals

Dysphagia in the elderly impacts their physical health 
and also detrimentally affects their psychological 
and social well-being. This condition can lead to 
serious complications, such as dehydration, aspiration, 
aspiration pneumonia, and malnutrition, significantly 
increasing the complexity of their health status and 
posing life-threatening risks. More than 50% of elderly 
individuals in nursing homes experience dysphagia, 
with approximately 19.7% requiring nasal feeding 
tubes due to severe aspiration (42). Moreover, over 
22% of elderly individuals with concurrent dysphagia 
suffer from malnutrition (55). Among stroke patients, 
dysphagia has been associated with a 1.7-fold higher 
in-hospital mortality rate compared to controls (95% 
CI 1.67-1.74). In addition, dysphagia is correlated with 
prolonged hospitalization, increased healthcare costs, and 
a higher likelihood of readmission to acute care facilities 
following discharge (4). Moreover, dysphagia has been 
identified as an independent risk factor for mortality 
among elderly nursing home residents (10). In patients 
with dementia, dysphagia is linked to increased rates 
of malnutrition, respiratory infections, and mortality 
(47). Hence, dysphagia impacts the physical health of 
individuals and also increases the risk of aspiration, 
exacerbates the severity of disease, and jeopardizes their 
safety and survival.
 Moreover, dysphagia can exacerbate social 
and psychological burdens on patients, leading to 

Table 1. Prevalence of dysphagia in different elderly populations

Author (Year) References

Jones et al. (2023) (30)

Mello et al. (2022) (31)
Takeuchi et al. (2014 ) (32)

Serra-Prat et al. (2012) (33)

Igarashi et al. (2019) (34)

Campo-Rivera et al. (2022) (35)
Yuan et al. (2022) (36)
Lin et al. (2002)(37)
Bahat et al. (2019) (38)
Mateos-Nozal et al. (2020) (39)
Maeda  et al. (2016) (40)

Abbreviations: DRACE, Dysphagia Risk Assessment for the Community-dwelling Elderly; EAT-10, 10-item Eating Assessment Tool; FOIS, 
Functional Oral Intake Scale; V-VST, Volume-Viscosity Swallow Test; WST, Water Swallow Test.

Age

> 65 years

> 60 years
Average age: 80.7 years 
for men and 82.9 years for 
women
Average age: 78 years

Average age: 75.0 years
Average age: 82.3 years
Average age: 84 years
Average age: 84.28 years
Average age: 77.07 years
Average age: 74.1 years
Average age: 93.5 years
Average age: 82.5 years

Study population

Individuals residing in the community

Individuals residing in the community
Individuals residing in the community

Individuals age 70 and over who are 
living alone
Older individuals living alone
Dependent elderly
Nursing home residents
Nursing home residents
Long-term care facility residents
Hospital geriatric outpatient clinic
Emergency geriatric ward
Hospitalized elderly

Screening methods

Questionnaire (Self-
reported dysphagia)
Questionnaire
Questionnaire (DRACE)

Questionnaire (V-VST)

Questionnaire (EAT-10)
Questionnaire (EAT-10)
V-VST
WST
Questionnaire
Questionnaire (EAT-10)
V-VST
FOIS

Prevalence 
of dysphagia

10.6%

8.1%
13.3%

18.8%

25.1%
53.8%

65%
75.3%

51%
6.7%

82.4%
30.0%
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and rehospitalization rates, along with enhanced physical 
functioning (61). The European Working Group on 
Sarcopenia in Older People (EWGSOP2) has proposed 
a clinical pathway for sarcopenia evaluation comprising 
four steps: find, assess, confirm, and severity. Initially, 
individuals are identified using the Strength, Assistance 
with walking, Rising from a chair, Climbing stairs, and 
Falls (SARC-F) questionnaire (62). Subsequently, they 
are assessed using the chair stand test. Afterwards, dual-
energy X-ray absorptiometry (DXA) or bioelectrical 
impedance analysis (BIA) is used to verify muscle mass. 
Finally, somatic functional status is further evaluated (63).

3.2. Dysphagia screening

Screening for dysphagia is crucial in the elderly 
population due to its varied causes and often subtle clinical 
manifestations (64). Older adults at risk for dysphagia, 
including those who are frail, who have sarcopenia, who 
suffered a stroke, or who have neurodegenerative diseases 
or head and neck tumors, should undergo screening. This 
screening should be conducted by specialized clinicians 
or nurses using specific questionnaires and swallowing 
assessment tests.
 Two widely used questionnaires are the Sydney 
Swallow Questionnaire (SSQ) and the 10-Item Eating 
Assessment Tool (EAT-10) (65). The SSQ is particularly 
effective at assessing the severity of dysphagia in patients 
with neuromuscular disorders (66). Both the SSQ and the 
EAT-10 are valuable for dysphagia assessment. The SSQ 
focuses on evaluating dysphagia severity in patients with 
neuromuscular conditions, while the EAT-10 demonstrates 
good sensitivity and specificity across various etiologies 
(38,67).
 Common swallowing assessment tests include the 
Toronto Bedside Swallowing Screening Test (TOR-
BSST), Volume-Viscosity Swallow Test (V-VST), 
Gugging Swallowing Screen (GUSS), and Standard 
Swallowing Assessment. The TOR-BSST and V-VST 
are validated tools for assessing dysphagia related to 
neurological disorders. The TOR-BSST is a risk screening 
tool for dysphagia that requires training to administer, 
boasting a sensitivity of 80–96% and a specificity 
of 64–68% (68,69). The V-VST is a dysphagia risk 
screening tool that involves up to nine swallows, utilizing 
three different viscosities and three different volumes. It 
screens for dysphagia risk and also offers guidance on 
oral intake. Its sensitivity ranges from 69% to 100%, and 
its specificity ranges from 29% to 87% (70,71). Patients 
testing positive on the swallowing assessment should 
undergo additional clinical evaluation and instrumental 
assessment to confirm the diagnosis and formulate an 
appropriate treatment plan.

3.3. Clinical assessment of swallowing function

The clinical assessment of swallowing function is pivotal 

for pinpointing the location and severity of dysphagia as 
well as determining the necessity for further diagnostic 
procedures and treatment (52). This assessment typically 
entails gathering a comprehensive medical history, 
conducting a physical examination, performing an oral 
motor examination, and administering swallowing 
assessment tests. When taking the patient's history, 
the assessor needs to inquire about any neurologic, 
psychiatric, head and neck, or upper gastrointestinal 
disorders, as well as the patient's nutritional status. An 
oral motor examination, overseen by an otolaryngologist 
and a speech-language pathologist, evaluates the structure 
and function of the jaw, tongue, pharynx, and larynx, 
along with the associated cranial nerves (V, VII, IX, 
and XII) (70). Given the correlation between dysphonia 
and swallowing function, assessing articulation is also 
essential (72). Moreover, absence of the cough reflex 
has been linked to silent malabsorption, and a simplified 
cough test may have some predictive value in dysphagia 
screening (73). Patients suspected of having dysphagia 
should undergo swallowing assessment tests such as the 
V-VST and the GUSS. Further instrumental assessment 
is recommended for patients testing positive on the 
swallowing assessment tests.

3.4. Instrumental assessment

Instrumental assessment serves as a crucial method for 
accurately evaluating the functional status of swallowing. 
This evaluation aids physicians in devising individualized 
treatment plans and monitoring treatment effectiveness 
to enhance the patient's quality of life. Ultrasonography 
offers a means to measure swallowing muscle mass and 
quality in elderly patients with sarcopenic dysphagia. 
It can identify specific factors indicative of sarcopenic 
dysphagia, such as lingual muscle area (sensitivity of 
0.389, specificity of 0.947, and critical value of 1,536.0) 
and lingual root muscle area brightness (sensitivity of 
0.806, specificity of 0.632, and critical value of 20.1) 
(74). Videofluoroscopy (VFS) and fiberoptic endoscopic 
evaluation of swallowing (FEES) are recognized as the 
gold standard for dysphagia assessment. VFS allows 
for monitoring of the anatomy and function of the oral 
cavity, pharynx, and larynx. It assesses the functionality 
of airway protective mechanisms by providing insights 
into the function of various anatomical structures 
(tongue-pharyngeal junction, pharyngeal junction, and 
epiglottis opening and closing times) (75,76). Despite 
its advantages, VFS is limited by its use of radiation and 
its predictive capability regarding aspiration pneumonia 
(77,78). In contrast, FEES, conducted at the bedside, 
enables precise visualization of mucosal surfaces and 
movements within the base of the tongue, pharynx, 
and larynx and it is well-tolerated by patients (79). Its 
utility extends to assessing dysphagia in the elderly 
and evaluating dysphagia associated with various 
conditions, including head and neck neoplasms, post-
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stroke complications, and neurological disorders (80-
83). Nevertheless, FEES is constrained by its inability 
to quantify physiological swallowing processes, relying 
instead on subjective interpretation of residual findings.
 Swallowing electromyography (EMG) and high-
resolution manometry (HRM) of the esophagus offer 
detailed insights into physiological function (84,85). 
These modalities assess muscular coordination and 
strength relevant to swallowing, alongside normalizing 
esophageal movements and pressure changes. Notably, 
they present advantages in diagnosing post-stroke 
dysphagia (PSD), providing more objective and sensitive 
assessments compared to clinical methods (86). For acute 
stroke scenarios, the use of standardized, validated, and 
reliable instruments in PSD assessment should consider 
various factors like the type of stroke, history, severity, 
diabetes, and sex to mitigate pneumonia risks and reduce 
mortality (45). Moreover, assessment of swallowing 
function through ultrasonography, functional magnetic 
resonance imaging (fMRI), and real-time MRI furnishes 
critical insights, capitalizing on advantages such as 
soft-tissue visualization, reliable timing analysis, and 
eliminating x-ray exposure (87-89). A comprehensive 
assessment incorporating these diverse tools and methods 
aids in diagnosing and devising treatment plans for 
patients with dysphagia (as shown in Figure 1).

4. Interventions for dysphagia

Interventions aimed at addressing dysphagia encompass 
a range of strategies, including postural adjustments, 
dietary modifications, and swallowing rehabilitation (90-
92). These interventions aim to improve swallowing 
function, enhance coordination and efficiency, and 
mitigate the incidence of dysphagia and associated 
complications. Postural adjustments play a pivotal role 
in enhancing swallowing function and mitigating the risk 
of aspiration. This can be achieved by optimizing the 
patient's posture during meals, such as maintaining an 
upright position and performing the chin-down maneuver 
(93,94). In addition, dietary management involves 
altering food consistency, regulating bolus flow, and 
alternating between solid and liquid intake (95). Such 
therapeutic interventions seek to bolster patient tolerance 
and reduce the likelihood of aspiration pneumonia and 
pulmonary infections (95,96).
 Swallowing rehabilitation entails targeted exercises 
aimed at strengthening specific muscles or muscle 
groups in the oral cavity and pharynx. Techniques such 
as progressive tongue resistance exercises and the Shaker 
exercise are used to enhance physiological swallowing 
function and mitigate complications associated with 
dysphagia (15,97).

Figure 1. Diagnosis and treatment options for dysphagia in the aging population. Abbreviations: EAT-10, 10-Item Eating Assessment 
Tool; EMG, electromyography; FEES, fiberoptic endoscopic evaluation of swallowing; fMRI, functional magnetic resonance imaging; GUSS, 
Gugging Swallowing Screen; HRM, high-resolution manometry; SSQ, Sydney Swallow Questionnaire; TOR-BSST, Toronto Bedside Swallowing 
Screening Test; VFS, videofluoroscopy; V-VST, Volume-Viscosity Swallow Test.
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 Pharmacologic and surgical interventions are 
pivotal in addressing dysphagia, serving as adjuncts 
or primary treatments tailored to specific etiologies. In 
terms of pharmacotherapy, patients with dysphagia are 
advised to consider reducing the use of medications 
known to adversely affect swallowing function, such as 
antipsychotics (98). In addition, certain excitatory drugs 
like capsaicin, which activates transient receptor potential 
vanilloid type 1 (TRPV1), can enhance the swallowing 
response, thereby shortening swallowing response times 
and improving safety and efficacy (99).
 Common options for surgical interventions include 
cricopharyngeal myotomy, UES dilatation, and 
cricopharyngeal botulinum toxin injections, aimed 
at enhancing push flow and eliminating UES outlet 
obstruction (100-102). Procedures such as laryngectomy, 
tracheoesophageal diversion, and laryngeal suspension 
are used to safeguard the airway and mitigate the risk 
of aspiration (103-106). In addition, endoscopic Zenker 
repair can improve push flow and alleviate UES outlet 
obstruction and push retention in diverticular pockets 
(107-109).
 Moreover, physiotherapy and nutritional support, 
such as transgastric or transnasal gastrostomy tube (NGT) 
feeding, play crucial roles in dysphagia management 
(110). Among individuals with oropharyngeal dysphagia, 
those undergoing percutaneous endoscopic gastrostomy 
(PEG) requiring hospitalization have a significantly 
lower prevalence of pneumonia compared to those 
receiving NGT feeding (111). When formulating a 
treatment plan, the patient's specific circumstances and 
etiology, along with the effects and risks of treatment, 
should be carefully considered and personalized under 
the guidance of a physician.
 The management of swallowing function necessitates 
the coordination of multiple systems, including the 
oral, pharyngeal, neurological, and muscular systems, 
highlighting the importance of collaborative management 
strategies by a multidisciplinary team. A survey of clinic 
attendees revealed that 43% of dysphagia patients had 
a history of esophageal disease, 22% had undergone 
head and neck radiation therapy, 14% had an underlying 
neurological diagnosis, 10% had undergone cervical 
spine surgery, and only 1% had no known medical 
history (112). Consequently, effectively treating and 
managing dysphagia in the elderly population with 
comorbidities necessitates drawing on multidisciplinary 
expertise.
 A multidisciplinary care team typically consists 
of otolaryngologists, neurologists, rehabilitation 
medicine specialists, dietitians, and speech therapists 
(113,114). At the McGill University Health Center, for 
example, a comprehensive treatment plan is offered to 
patients, incorporating flexible endoscopic swallowing 
assessment, dietary modifications, swallowing therapy, 
medication, and surgery, thus enhancing treatment 
adaptability and effectiveness (115). Similarly, Stanford 

University has established a multidisciplinary dysphagia 
center, bringing together physicians and therapists 
specializing in otolaryngology, speech-language 
pathology, nutrition, and gastroenterology. This center 
delivers comprehensive treatment plans addressing 
symptoms and issues associated with various dysphagia 
types (112).
 The  mul t id isc ip l inary  teamwork model  i s 
instrumental in managing dysphagia among the elderly 
population. It plays a crucial role in minimizing duplicate 
examinations, shortening the duration of treatment, and 
increasing satisfaction with care. Overall, this approach 
ensures comprehensive treatment and care for patients 
with dysphagia.

5. Use of new technologies

The use of new technologies holds significant promise in 
the treatment of dysphagia. Neuromodulation techniques, 
such as repetitive transcranial magnetic stimulation 
(rTMS), transcranial direct current stimulation 
(tDCS), and pharyngeal electrical stimulation (PES), 
have garnered considerable attention for their ability 
to address neurogenic dysphagia (116-119). These 
techniques primarily aim to enhance the function of 
the swallowing neuron network by modulating central 
nervous system activity, thereby improving patients' 
swallowing ability. In stroke patients with dysphagia, 
for example, rTMS treatment has been found to induce 
changes in the functional motor system of swallowing, 
including increased excitability of the pharyngeal cortex 
and enhanced pharyngeal sensory conduction (118-
120). A clinical study has demonstrated the effectiveness 
of various rTMS protocols, including ipsilateral, 
contralateral, and cerebellar stimulation, in improving 
swallowing function and reducing dysphagia severity 
(121). Similarly, anodal tDCS applied to the contralateral 
sensorimotor cortex has been found to alleviate the 
functional severity of dysphagia in patients without 
adverse effects (122). These neuromodulation techniques 
offer novel treatment options for elderly patients with 
dysphagia of neurological origin.
 As a complement to swallowing therapy, biofeedback 
offers patients visual or auditory signals to adjust the 
conscious or subconscious mechanisms involved in 
swallowing, thereby improving their swallowing ability 
(123,124). One such biofeedback technique, surface 
electromyography (sEMG), is widely used. sEMG 
biofeedback uses two small electrodes on the submental 
muscles to measure the timing and force of muscle 
contractions, displayed graphically on a screen (125,126). 
When combined with swallowing maneuvers, sEMG 
biofeedback enhances hyoid displacement in post-stroke 
dysphagia patients (126). Another innovative dysphagia 
treatment is Biofeedback in Strength and Skill Training 
(BiSSkiT) (127). Initial studies in neurodegenerative 
diseases suggest that skill training may improve 
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swallowing coordination and timing, potentially aiding 
dysphagia rehabilitation (128,129).
 The use of stem cells to repair damaged tissue or 
promote tissue regeneration holds promise for dysphagia 
treatment. Stem cells possess the remarkable ability 
to self-renew and differentiate into various cell types, 
offering the potential to repair damaged pharyngeal 
tissues or reconstruct impaired neuronal networks, 
thereby restoring swallowing function in patients (130). 
In a clinical pilot study involving 12 patients with 
oculopharyngeal muscular dystrophy (OPMD) and 
indications for cricopharyngeus muscle myotomy, stem 
cell injections were administered at different pharyngeal 
constrictor sites post-myotomy (131). Six out of 12 
patients had improved upper pharyngeal function at 
24 months according to video endoscopy, but only 2 
out of 12 patients displayed improvement according to 
the more sensitive videofluoroscopy (131). In another 
study, 30 patients who underwent radiotherapy for HPV-
positive squamous cell carcinoma of the oropharynx 
were randomized to receive ultrasound-guided injections 
of autologous adipose tissue-derived stem cells (ADSCs) 
or a placebo in the submandibular gland (131). Patients 
treated with ADSCs had a significant increase in non-
stimulated salivary flow rate at both 1 and 4 months, 
along with reduced symptoms and improved eating and 
thirst compared to those receiving a placebo (131). A 
tissue examination also revealed positive changes in 
gland tissue morphology in patients treated with ADSCs, 
indicating potential benefits of stem cell therapy in 
dysphagia management (131). While stem cell therapy 
remains in the research phase, these preliminary findings 
offer hope for advancing dysphagia treatment.

6. Conclusion

The current status of dysphagia in the context of 
aging highlights its prevalence and complexity. As 
the global population ages, dysphagia has emerged as 
a significant issue among older adults. Physiological 
changes related to aging, such as diminished muscle 
strength and coordination in the oropharyngeal 
region, contribute to the increased risk of swallowing 
problems in this demographic. In addition, age-related 
conditions like neurological disorders and structural 
changes in the pharynx further increase the likelihood 
of dysphagia, posing risks of complications such as 
aspiration pneumonia, malnutrition, and dehydration. 
Moreover, beyond the physical challenges, dysphagia 
profoundly affects the overall well-being of the elderly, 
leading to diminished quality of life, social isolation, 
and psychological distress, which in turn presents 
considerable challenges for caregivers and healthcare 
providers.
 Addressing these challenges necessitates a 
comprehensive approach involving early detection and 
intervention strategies tailored to individual needs. 

Screening protocols, along with diagnostic tools like 
videofluoroscopy and fiberoptic endoscopic evaluation, 
play crucial roles in effective dysphagia management. 
Moreover, interdisciplinary collaboration among 
healthcare professionals including speech-language 
pathologists, dietitians, and physicians is essential for 
providing integrated care. Moving forward, continued 
research is vital to refining diagnostic techniques, 
optimizing treatment modalities, and promoting holistic 
approaches to improve the well-being and quality of life 
of older adults with dysphagia.

Funding: This work was supported by a grant from the 
Hainan Provincial Center for Clinical Medical Research 
on Cerebrovascular Disease (NO. 0202067/0202068) and 
Grants-in-Aid from the Ministry of Education, Science, 
Sports, and Culture of Japan (24K14216).

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1. Partridge L, Deelen J, Slagboom PE. Facing up to the 
global challenges of ageing. Nature. 2018; 561:45-56.

2. Affairs UDoEaS. Population division -world population 
prospects 2022. online, 2024. https://population.un.org/
wpp (accessed April 10, 2024)

3. Tchkonia T, Kirkland JL. Aging, cell senescence, and 
chronic disease: Emerging therapeutic strategies. JAMA. 
2018; 320:1319-1320.

4. Patel DA, Krishnaswami S, Steger E, Conover E, Vaezi 
MF, Ciucci MR, Francis DO. Economic and survival 
burden of dysphagia among inpatients in the United 
States. Dis Esophagus. 2018; 31:1-7.

5. Ekberg O, Hamdy S, Woisard V, Wuttge-Hannig A, 
Ortega P. Social and psychological burden of dysphagia: 
Its impact on diagnosis and treatment. Dysphagia. 2002; 
17:139-146.

6. Cho SY, Choung RS, Saito YA, Schleck CD, Zinsmeister 
AR, Locke GR, 3rd, Talley NJ. Prevalence and risk 
factors for dysphagia: A USA community study. 
Neurogastroenterol Motil. 2015; 27:212-219.

7. Clave P, Shaker R. Dysphagia: Current reality and scope 
of the problem. Nat Rev Gastroenterol Hepatol. 2015; 
12:259-270.

8. Thiyagalingam S, Kulinski AE, Thorsteinsdottir B, 
Shindelar KL, Takahashi PY. Dysphagia in older adults. 
Mayo Clin Proc. 2021; 96:488-497.

9. Tagliaferri S, Lauretani F, Pela G, Meschi T, Maggio M. 
The risk of dysphagia is associated with malnutrition 
and poor functional outcomes in a large population of 
outpatient older individuals. Clin Nutr. 2019; 38:2684-
2689.

10. Wirth R, Pourhassan M, Streicher M, Hiesmayr M, 
Schindler K, Sieber CC, Volkert D. The impact of 
dysphagia on mortality of nursing home residents: Results 
from the nutrition day project. J Am Med Dir Assoc. 2018; 
19:775-778.

11. Jean A. Brain stem control of swallowing: neuronal 
network and cellular mechanisms. Physiol Rev. 2001; 
81:929-969.



www.biosciencetrends.com

BioScience Trends. 2024; 18(2):116-126.BioScience Trends. 2024; 18(2):116-126.123

12. Kahrilas PJ, Logemann JA, Lin S, Ergun GA. Pharyngeal 
clearance during swallowing: A combined manometric 
and videofluoroscopic study. Gastroenterology. 1992; 
103:128-136.

13. Clave P, Verdaguer A, Arreola V. Oral-pharyngeal 
dysphagia in the elderly. Med Clin (Barc). 2005; 124:742-
748.

14. Nagaya M, Sumi Y. Reaction time in the submental 
muscles of normal older people. J Am Geriatr Soc. 2002; 
50:975-976.

15. Robbins J, Gangnon RE, Theis SM, Kays SA, Hewitt AL, 
Hind JA. The effects of lingual exercise on swallowing in 
older adults. J Am Geriatr Soc. 2005; 53:1483-1489.

16. Rofes L, Arreola V, Romea M, Palomera E, Almirall 
J, Cabre M, Serra-Prat M, Clave P. Pathophysiology 
of oropharyngeal dysphagia in the frail elderly. 
Neurogastroenterol Motil. 2010; 22:851-858, e230.

17. Clave P, de Kraa M, Arreola V, Girvent M, Farre R, 
Palomera E, Serra-Prat M. The effect of bolus viscosity 
on swallowing function in neurogenic dysphagia. Aliment 
Pharmacol Ther. 2006; 24:1385-1394.

18. Teismann IK, Steinstrater O, Warnecke T, Suntrup S, 
Ringelstein EB, Pantev C, Dziewas R. Tactile thermal 
oral stimulation increases the cortical representation of 
swallowing. BMC Neurosci. 2009; 10:71.

19. Turley R, Cohen S. Impact of voice and swallowing 
problems in the elderly. Otolaryngol Head Neck Surg. 
2009; 140:33-36.

20. Cook IJ. Clinical disorders of the upper esophageal 
sphincter. GI Motility online. 2006. DOI:10.1038/gimo37

21. Martin-Harris B, Brodsky MB, Michel Y, Ford CL, 
Walters B, Heffner J. Breathing and swallowing dynamics 
across the adult lifespan. Arch Otolaryngol Head Neck 
Surg. 2005; 131:762-770.

22. Martin-Harris B. Clinical implications of respiratory-
swallowing interactions. Curr Opin Otolaryngol Head 
Neck Surg. 2008; 16:194-199.

23. Thuault S. Reflections on aging research from within the 
National Institute on Aging. Nat Aging. 2021; 1:14-18.

24. Hu X, Ma Y, J iang X, Tang W, Xia Y, Song P. 
Neurosurgical perioperative management of frail elderly 
patients. Biosci Trends. 2023; 17:271-282.

25. Maeda K, Takaki M, Akagi J. Decreased skeletal 
muscle mass and risk factors of sarcopenic dysphagia: A 
prospective observational cohort study. J Gerontol A Biol 
Sci Med Sci. 2017; 72:1290-1294.

26. Roy N, Stemple J, Merrill RM, Thomas L. Dysphagia 
in the elderly: Preliminary evidence of prevalence, risk 
factors, and socioemotional effects. Ann Otol Rhinol 
Laryngol. 2007; 116:858-865.

27. Guner M, Bas AO, Ceylan S, Kahyaoglu Z, Coteli 
S, Unsal P, Cavusoglu C, Ozsurekci C, Dogu BB, 
Cankurtaran M, Halil MG. Dysphagia is closely related 
to frailty in mild-to-moderate Alzheimer's disease. BMC 
Geriatr. 2023; 23:304.

28. Serra-Prat M, Hinojosa G, Lopez D, Juan M, Fabre E, 
Voss DS, Calvo M, Marta V, Ribo L, Palomera E, Arreola 
V, Clave P. Prevalence of oropharyngeal dysphagia and 
impaired safety and efficacy of swallow in independently 
living older persons. J Am Geriatr Soc. 2011; 59:186-187.

29. Humbert IA, Robbins J. Dysphagia in the elderly. Phys 
Med Rehabil Clin N Am. 2008; 19:853-866, ix-x.

30. Jones HN, Leiman DA, Porter Starr KN, North R, Pieper 
CF, Robison RD, Cohen SM. Dysphagia in older adults is 
associated with food insecurity and being homebound. J 

Appl Gerontol. 2023; 42:1993-2002.
31. Mello RP, Xavier MO, Tomasi E, Gonzalez MC, Demarco 

FF, Bielemann RM. Dysphagia perception among 
community-dwelling older adults from a municipality in 
southern Brazil. Dysphagia. 2022; 37:879-888.

32. Takeuchi K, Aida J, Ito K, Furuta M, Yamashita Y, Osaka K. 
Nutritional status and dysphagia risk among community-
dwelling frail older adults. J Nutr Health Aging. 2014; 
18:352-357.

33. Serra-Prat M, Palomera M, Gomez C, Sar-Shalom D, 
Saiz A, Montoya JG, Navajas M, Palomera E, Clave P. 
Oropharyngeal dysphagia as a risk factor for malnutrition 
and lower respiratory tract infection in independently 
living older persons: A population-based prospective 
study. Age Ageing. 2012; 41:376-381.

34. Igarashi K, Kikutani T, Tamura F. Survey of suspected 
dysphagia prevalence in home-dwelling older people 
using the 10-Item Eating Assessment Tool (EAT-10). 
PLoS One. 2019; 14:e0211040.

35. Campo-Rivera N, Ocampo-Chaparro JM, Carvajal-Ortiz R, 
Reyes-Ortiz CA. Sarcopenic dysphagia is associated with 
mortality in institutionalized older adults. J Am Med Dir 
Assoc. 2022; 23:1720 e1711-1720 e1717.

36. Yuan J, Lin Y, Song J, Xia R, Jiang Y, Yang X, Li Y, Dong 
B. Associations of sarcopenic parameters with dysphagia 
in older nursing home residents: A cross-sectional study. J 
Nutr Health Aging. 2022; 26:339-345.

37. Lin LC, Wu SC, Chen HS, Wang TG, Chen MY. 
Prevalence of impaired swallowing in institutionalized 
older people in Taiwan. J Am Geriatr Soc. 2002; 50:1118-
1123.

38. Bahat G, Yilmaz O, Durmazoglu S, Kilic C, Tascioglu C, 
Karan MA. Association between dysphagia and frailty in 
community dwelling older adults. J Nutr Health Aging. 
2019; 23:571-577.

39. Mateos-Nozal J, Montero-Errasquin B, Sanchez Garcia E, 
Romero Rodriguez E, Cruz-Jentoft AJ. High prevalence of 
oropharyngeal dysphagia in acutely hospitalized patients 
aged 80 years and older. J Am Med Dir Assoc. 2020; 
21:2008-2011.

40. Maeda K, Akagi J. Sarcopenia is an independent risk 
factor of dysphagia in hospitalized older people. Geriatr 
Gerontol Int. 2016; 16:515-521.

41. Butler SG, Stuart A, Leng X, Wilhelm E, Rees C, 
Williamson J, Kritchevsky SB. The relationship of 
aspiration status with tongue and handgrip strength in 
healthy older adults. J Gerontol A Biol Sci Med Sci. 2011; 
66:452-458.

42. Leder SB, Suiter DM. An epidemiologic study on aging 
and dysphagia in the acute care hospitalized population: 
2000-2007. Gerontology. 2009; 55:714-718.

43. Carrion S, Cabre M, Monteis R, Roca M, Palomera E, 
Serra-Prat M, Rofes L, Clave P. Oropharyngeal dysphagia 
is a prevalent risk factor for malnutrition in a cohort of 
older patients admitted with an acute disease to a general 
hospital. Clin Nutr. 2015; 34:436-442.

44. Labeit B, Michou E, Hamdy S, Trapl-Grundschober M, 
Suntrup-Krueger S, Muhle P, Bath PM, Dziewas R. The 
assessment of dysphagia after stroke: State of the art and 
future directions. Lancet Neurol. 2023; 22:858-870.

45. Banda KJ, Chu H, Kang XL, Liu D, Pien LC, Jen HJ, 
Hsiao SS, Chou KR. Prevalence of dysphagia and risk of 
pneumonia and mortality in acute stroke patients: A meta-
analysis. BMC Geriatr. 2022; 22:420.

46. International AsD. World Alzheimer Report 2018. The 



www.biosciencetrends.com

BioScience Trends. 2024; 18(2):116-126.BioScience Trends. 2024; 18(2):116-126.

state of the art of dementia research: new frontiers. 
online, September 2018. https://www.alzint.org/u/
WorldAlzheimerReport2018.pdf (accessed April 10, 2024)

47. Espinosa-Val MC, Martin-Martinez A, Graupera M, 
Arias O, Elvira A, Cabre M, Palomera E, Bolivar-
Prados M, Clave P, Ortega O. Prevalence, risk factors, 
and complications of oropharyngeal dysphagia in older 
patients with dementia. Nutrients. 2020; 12:863.

48. Bennett DA, Beckett LA, Murray AM, Shannon 
KM, Goetz CG, Pilgrim DM, Evans DA. Prevalence 
of parkinsonian signs and associated mortality in a 
community population of older people. N Engl J Med. 
1996; 334:71-76.

49. Kenny C, Regan J, Balding L, Higgins S, O'Leary N, 
Kelleher F, McDermott R, Armstrong J, Mihai A, Tiernan 
E, Westrup J, Thirion P, Walsh D. Dysphagia in solid 
tumors outside the head, neck or upper GI tract: Clinical 
characteristics. J Pain Symptom Manage. 2022; 64:546-
554.

50. Nieto K, Ang D, Liu H. Dysphagia among geriatric 
trauma patients: A population-based study. PLoS One. 
2022; 17:e0262623.

51. Cosent ino G, Avenal i M, Schindler A, et a l . A 
multinational consensus on dysphagia in Parkinson's 
disease: Screening, diagnosis and prognostic value. J 
Neurol. 2022; 269:1335-1352.

52. Baijens LW, Clave P, Cras P, Ekberg O, Forster A, Kolb 
GF, Leners JC, Masiero S, Mateos-Nozal J, Ortega O, 
Smithard DG, Speyer R, Walshe M. European Society 
for Swallowing Disorders - European Union Geriatric 
Medicine Society white paper: Oropharyngeal dysphagia 
as a geriatric syndrome. Clin Interv Aging. 2016; 11:1403-
1428.

53. Clave P, Terre R, de Kraa M, Serra M. Approaching 
oropharyngeal dysphagia. Rev Esp Enferm Dig. 2004; 
96:119-131.

54. Rech RS, Baumgarten A, Colvara BC, Brochier CW, de 
Goulart B, Hugo FN, Hilgert JB. Association between 
oropharyngeal dysphagia, oral functionality, and oral 
sensorimotor alteration. Oral Dis. 2018; 24:664-672.

55. Jukic Peladic N, Orlandoni P, Di Rosa M, Giulioni G, 
Bartoloni L, Venturini C. Multidisciplinary assessment 
and individualized nutritional management of dysphagia 
in older outpatients. Nutrients. 2023; 15:1103.

56. Eslick GD, Talley NJ. Dysphagia: Epidemiology, risk 
factors and impact on quality of life--A population-based 
study. Aliment Pharmacol Ther. 2008; 27:971-979.

57. Djernes JK. Prevalence and predictors of depression in 
populations of elderly: A review. Acta Psychiatr Scand. 
2006; 113:372-387.

58. Barton S, Karner C, Salih F, Baldwin DS, Edwards SJ. 
Clinical effectiveness of interventions for treatment-
resistant anxiety in older people: A systematic review. 
Health Technol Assess. 2014; 18:1-59, v-vi.

59. Altman KW, Yu GP, Schaefer SD. Consequence of 
dysphagia in the hospitalized patient: Impact on prognosis 
and hospital resources. Arch Otolaryngol Head Neck Surg. 
2010; 136:784-789.

60. Bonilha HS, Simpson AN, Ellis C, Mauldin P, Martin-
Harris B, Simpson K. The one-year attributable cost of 
post-stroke dysphagia. Dysphagia. 2014; 29:545-552.

61. Stuck AE, Siu AL, Wieland GD, Adams J, Rubenstein LZ. 
Comprehensive geriatric assessment: A meta-analysis of 
controlled trials. Lancet. 1993; 342:1032-1036.

62. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: 

Revised European consensus on definition and diagnosis. 
Age Ageing. 2019; 48:16-31.

63. Cao L, Morley JE. Sarcopenia is recognized as an 
independent condition by an International Classification 
of Disease, Tenth Revision, Clinical Modification (ICD-
10-CM) Code. J Am Med Dir Assoc. 2016; 17:675-677.

64. Sheikhany AR, Shohdi SS, Aziz AA, Abdelkader OA, 
Abdel Hady AF. Screening of dysphagia in geriatrics. 
BMC Geriatr. 2022; 22:981.

65. Dwivedi RC, St Rose S, Roe JW, Khan AS, Pepper C, 
Nutting CM, Clarke PM, Kerawala CJ, Rhys-Evans PH, 
Harrington KJ, Kazi R. Validation of the Sydney Swallow 
Questionnaire (SSQ) in a cohort of head and neck cancer 
patients. Oral Oncol. 2010; 46:e10-e14.

66. Boaden E, Burnell J, Hives L, Dey P, Clegg A, Lyons 
MW, Lightbody CE, Hurley MA, Roddam H, McInnes 
E, Alexandrov A, Watkins CL. Screening for aspiration 
risk associated with dysphagia in acute stroke. Cochrane 
Database Syst Rev. 2021; 10:CD012679.

67. Zhang H, Ye C, Zhang S, Yang D, Gong X, Li S, Xue W, 
Su J, Zhao L, Qiu Y, He X, Zhang Y, Tang M. Association 
between health literacy and dysphagia in the community-
dwelling older population: A cross-sectional study. Aging 
Clin Exp Res. 2023; 35:2165-2172.

68. Martino R, Silver F, Teasell R, Bayley M, Nicholson 
G, Streiner DL, Diamant NE. The Toronto Bedside 
Swallowing Screening Test (TOR-BSST): Development 
and validation of a dysphagia screening tool for patients 
with stroke. Stroke. 2009; 40:555-561.

69. Kertscher B, Speyer R, Palmieri M, Plant C. Bedside 
screening to detect oropharyngeal dysphagia in patients 
with neurological disorders: An updated systematic 
review. Dysphagia. 2014; 29:204-212.

70. Clave P, Arreola V, Romea M, Medina L, Palomera E, 
Serra-Prat M. Accuracy of the volume-viscosity swallow 
test for clinical screening of oropharyngeal dysphagia and 
aspiration. Clin Nutr. 2008; 27:806-815.

71. Rofes L, Arreola V, Clave P. The volume-viscosity 
swallow test for clinical screening of dysphagia and 
aspiration. Nestle Nutr Inst Workshop Ser. 2012; 72:33-
42.

72. Hughes TA, Wiles CM. Neurogenic dysphagia: The role 
of the neurologist. J Neurol Neurosurg Psychiatry. 1998; 
64:569-572.

73. Lee JY, Kim DK, Seo KM, Kang SH. Usefulness of the 
simplified cough test in evaluating cough reflex sensitivity 
as a screening test for silent aspiration. Ann Rehabil Med. 
2014; 38:476-484.

74. Ogawa N, Mori T, Fujishima I, Wakabayashi H, Itoda M, 
Kunieda K, Shigematsu T, Nishioka S, Tohara H, Yamada 
M, Ogawa S. Ultrasonography to measure swallowing 
muscle mass and quality in older patients with sarcopenic 
dysphagia. J Am Med Dir Assoc. 2018; 19:516-522.

75. Baijens L, Barikroo A, Pilz W. Intrarater and interrater 
reliability for measurements in videofluoroscopy of 
swallowing. Eur J Radiol. 2013; 82:1683-1695.

76. Langmore SE, Terpenning MS, Schork A, Chen Y, Murray 
JT, Lopatin D, Loesche WJ. Predictors of aspiration 
pneumonia: How important is dysphagia? Dysphagia. 
1998; 13:69-81.

77. Na t iv -Ze l t ze r N , Kahr i l a s PJ , Logemann JA . 
Manofluorography in the evaluation of oropharyngeal 
dysphagia. Dysphagia. 2012; 27:151-161.

78. Cook IJ. Oropharyngeal dysphagia. Gastroenterol Clin 
North Am. 2009; 38:411-431.

124



www.biosciencetrends.com

BioScience Trends. 2024; 18(2):116-126.BioScience Trends. 2024; 18(2):116-126.

79. Hiss SG, Postma GN. Fiberoptic endoscopic evaluation of 
swallowing. Laryngoscope. 2003; 113:1386-1393.

80. McGowan SL, Gleeson M, Smith M, Hirsch N, Shuldham 
CM. A pilot study of fibreoptic endoscopic evaluation 
of swallowing in patients with cuffed tracheostomies in 
neurological intensive care. Neurocrit Care. 2007; 6:90-93.

81. Leder SB, Joe JK, Hill SE, Traube M. Effect of 
tracheotomy tube occlusion on upper esophageal sphincter 
and pharyngeal pressures in aspirating and nonaspirating 
patients. Dysphagia. 2001; 16:79-82.

82. Thottam PJ, Silva RC, McLevy JD, Simons JP, Mehta DK. 
Use of fiberoptic endoscopic evaluation of swallowing 
(FEES) in the management of psychogenic dysphagia in 
children. Int J Pediatr Otorhinolaryngol. 2015; 79:108-
110.

83. Badenduck LA, Matthews TW, McDonough A, Dort JC, 
Wiens K, Kettner R, Crawford S, Kaplan BJ. Fiber-optic 
endoscopic evaluation of swallowing to assess swallowing 
outcomes as a function of head position in a normal 
population. J Otolaryngol Head Neck Surg. 2014; 43:9.

84. Lang IM, Medda BK, Kern M, Shaker R. A biomechanical 
response of the esophagus participates in swallowing. 
Am J Physiol Gastrointest Liver Physiol. 2023; 
324:G131-G141.

85. Malvuccio C, Kamavuako EN. The effect of EMG 
features on the classification of swallowing events and the 
estimation of fluid intake volume. Sensors (Basel). 2022; 
22:3380.

86. Cohen DL, Roffe C, Beavan J, et al. Post-stroke 
dysphagia: A review and design considerations for future 
trials. Int J Stroke. 2016; 11:399-411.

87. Chen KC, Jeng Y, Wu WT, Wang TG, Han DS, Ozcakar 
L, Chang KV. Sarcopenic dysphagia: A narrative review 
from diagnosis to intervention. Nutrients. 2021; 13:4043.

88. Zeng M, Wang Z, Chen X, Shi M, Zhu M, Ma J, Yao Y, 
Cui Y, Wu H, Shen J, Xie L, Fu J, Gu X. The effect of 
swallowing action observation therapy on resting fMRI 
in stroke patients with dysphagia. Neural Plast. 2023; 
2023:2382980.

89. Olthoff A, Carstens PO, Zhang S, von Fintel E, Friede T, 
Lotz J, Frahm J, Schmidt J. Evaluation of dysphagia by 
novel real-time MRI. Neurology. 2016; 87:2132-2138.

90. McCulloch TM, Hoffman MR, Ciucci MR. High-
resolution manometry of pharyngeal swallow pressure 
events associated with head turn and chin tuck. Ann Otol 
Rhinol Laryngol. 2010; 119:369-376.

91. Schindler A, Vincon E, Grosso E, Miletto AM, Di Rosa R, 
Schindler O. Rehabilitative management of oropharyngeal 
dysphagia in acute care settings: Data from a large Italian 
teaching hospital. Dysphagia. 2008; 23:230-236.

92. Rofes L, Arreola V, Mukherjee R, Swanson J, Clave P. 
The effects of a xanthan gum-based thickener on the 
swallowing function of patients with dysphagia. Aliment 
Pharmacol Ther. 2014; 39:1169-1179.

93. Sura L, Madhavan A, Carnaby G, Crary MA. Dysphagia 
in the elderly: Management and nutritional considerations. 
Clin Interv Aging. 2012; 7:287-298.

94. Terre R, Mearin F. Effectiveness of chin-down posture 
to prevent tracheal aspiration in dysphagia secondary 
to acquired brain injury. A videofluoroscopy study. 
Neurogastroenterol Motil. 2012; 24:414-419, e206.

95. Steele CM, Alsanei WA, Ayanikalath S, et al. The 
influence of food texture and liquid consistency 
modification on swallowing physiology and function: A 
systematic review. Dysphagia. 2015; 30:2-26.

96. Low J, Wyles C, Wilkinson T, Sainsbury R. The effect 
of compliance on clinical outcomes for patients with 
dysphagia on videofluoroscopy. Dysphagia. 2001; 16:123-
127.

97. Shaker R, Easterling C, Kern M, Nitschke T, Massey 
B, Daniels S, Grande B, Kazandjian M, Dikeman K. 
Rehabilitation of swallowing by exercise in tube-fed 
patients with pharyngeal dysphagia secondary to abnormal 
UES opening. Gastroenterology. 2002; 122:1314-1321.

98. Dziewas R, Warnecke T, Schnabel M, Ritter M, Nabavi 
DG, Schilling M, Ringelstein EB, Reker T. Neuroleptic-
induced dysphagia: Case report and literature review. 
Dysphagia. 2007; 22:63-67.

99. Rofes L, Arreola V, Martin A, Clave P. Natural 
capsaicinoids improve swallow response in older patients 
with oropharyngeal dysphagia. Gut. 2013; 62:1280-1287.

100. Kelly EA, Koszewski IJ, Jaradeh SS, Merati AL, Blumin 
JH, Bock JM. Botulinum toxin injection for the treatment 
of upper esophageal sphincter dysfunction. Ann Otol 
Rhinol Laryngol. 2013; 122:100-108.

101. Moerman MB. Cricopharyngeal Botox injection: 
Indications and technique. Curr Opin Otolaryngol Head 
Neck Surg. 2006; 14:431-436.

102. Kocdor P, Siegel ER, Tulunay-Ugur OE. Cricopharyngeal 
dysfunction: A systematic review comparing outcomes 
of dilatation, botulinum toxin injection, and myotomy. 
Laryngoscope. 2016; 126:135-141.

103. Kos MP, David EF, Aalders IJ, Smit CF, Mahieu HF. 
Long-term results of laryngeal suspension and upper 
esophageal sphincter myotomy as treatment for life-
threatening aspiration. Ann Otol Rhinol Laryngol. 2008; 
117:574-580.

104. Brasnu DF. Supracricoid partial laryngectomy with 
cricohyoidopexy in the management of laryngeal 
carcinoma. World J Surg. 2003; 27:817-823.

105. To m i t a T, Ta n a k a K , S h i n d e n S ,  O g a w a K . 
Tracheoesophageal diversion versus total laryngectomy 
for intractable aspiration. J Laryngol Otol. 2004; 118:15-
18.

106. Kawamoto A, Katori Y, Honkura Y, Kakuta R, Higashi K, 
Ogura M, Miyazaki M, Arakawa K, Kashima K, Asada Y, 
Matsuura K. Central-part laryngectomy is a useful and less 
invasive surgical procedure for resolution of intractable 
aspiration. Eur Arch Otorhinolaryngol. 2014; 271:1149-
1155.

107. Murer K, Soyka MB, Broglie MA, Huber GF, Stoeckli SJ. 
Zenker's diverticulum: Outcome of endoscopic surgery 
is dependent on the intraoperative exposure. Eur Arch 
Otorhinolaryngol. 2015; 272:167-173.

108. Verdonck J, Morton RP. Systematic review on treatment 
of Zenker's diverticulum. Eur Arch Otorhinolaryngol. 
2015; 272:3095-3107.

109. Papaspyrou G, Schick B, Papaspyrou S, Wiegand S, 
Al Kadah B. Laser surgery for Zenker's diverticulum: 
European combined study. Eur Arch Otorhinolaryngol. 
2016; 273:183-188.

110. Volkert D, Berner YN, Berry E, et al. ESPEN Guidelines 
on Enteral Nutrition: Geriatrics. Clin Nutr. 2006; 25:330-
360.

111. L in TH, Yang CW, Chang WK. Eva lua t ion o f 
oropharyngeal dysphagia in older patients for risk 
stratification of pneumonia. Front Immunol. 2021; 
12:800029.

112. Starmer HM, Dewan K, Kamal AN, Khan A, Maclean 
J, Randall DR. Building an integrated multidisciplinary 

125



www.biosciencetrends.com

BioScience Trends. 2024; 18(2):116-126.BioScience Trends. 2024; 18(2):116-126.

swallowing disorder clinic: Considerations, challenges, 
and opportunities. Ann NY Acad Sci. 2020; 1481:11-19.

113. Brodsky MB, Pandian V, Needham DM. Post-extubation 
dysphagia: A problem needing multidisciplinary efforts. 
Intensive Care Med. 2020; 46:93-96.

114. Umay E, Eyigor S, Giray E, et al. Pediatric dysphagia 
overview: Best practice recommendation study by 
multidisciplinary experts. World J Pediatr. 2022; 18:715-
724.

115. Duval M, Black MA, Gesser R, Krug M, Ayotte D. 
Multidisciplinary evaluation and management of 
dysphagia: The role for otolaryngologists. J Otolaryngol 
Head Neck Surg. 2009; 38:227-232.

116. Moliadze V, Antal A, Paulus W. Electrode-distance 
dependent after-effects of transcranial direct and random 
noise stimulation with extracephalic reference electrodes. 
Clin Neurophysiol. 2010; 121:2165-2171.

117. Jayasekeran V, Rothwell J, Hamdy S. Non-invasive 
magnetic stimulation of the human cerebellum facilitates 
cortico-bulbar projections in the swallowing motor 
system. Neurogastroenterol Motil. 2011; 23:831-e341.

118. Cabib C, Nascimento W, Rofes L, Arreola V, Tomsen N, 
Mundet L, Palomeras E, Michou E, Clave P, Ortega O. 
Short-term neurophysiological effects of sensory pathway 
neurorehabilitation strategies on chronic poststroke 
oropharyngeal dysphagia. Neurogastroenterol Motil. 
2020; 32:e13887.

119. Zhang C, Zheng X, Lu R, Yun W, Yun H, Zhou 
X. Repetitive transcranial magnetic stimulation in 
combination with neuromuscular electrical stimulation for 
treatment of post-stroke dysphagia. J Int Med Res. 2019; 
47:662-672.

120. Khedr EM, Abo-Elfetoh N, Rothwell JC. Treatment 
of post-stroke dysphagia with repetitive transcranial 
magnetic stimulation. Acta Neurol Scand. 2009; 119:155-
161.

121. Zhong L, Rao J, Wang J, Li F, Peng Y, Liu H, Zhang Y, 
Wang P. Repetitive transcranial magnetic stimulation at 
different sites for dysphagia after stroke: A randomized, 
observer-blind clinical trial. Front Neurol. 2021; 
12:625683.

122. Kumar S, Wagner CW, Frayne C, Zhu L, Selim M, Feng W, 
Schlaug G. Noninvasive brain stimulation may improve 
stroke-related dysphagia: A pilot study. Stroke. 2011; 
42:1035-1040.

123. Li CM, Wang TG, Lee HY, Wang HP, Hsieh SH, Chou M, 
Jason Chen JJ. Swallowing training combined with game-
based biofeedback in poststroke dysphagia. PM R. 2016; 
8:773-779.

124. A r c h e r S K , S m i t h C H , N e w h a m D J . S u r f a c e 
electromyographic biofeedback and the effortful swallow 
exercise for stroke-related dysphagia and in healthy 

ageing. Dysphagia. 2021; 36:281-292.
125. Park JS, Hwang NK, Kim HH, Lee G, Jung YJ. Effect 

of neuromuscular electrical stimulation combined with 
effortful swallowing using electromyographic biofeedback 
on oropharyngeal swallowing function in stroke patients 
with dysphagia: A pilot study. Medicine (Baltimore). 
2019; 98:e17702.

126. Benfield JK, Everton LF, Bath PM, England TJ. Does 
therapy with biofeedback improve swallowing in adults 
with dysphagia? A systematic review and meta-analysis. 
Arch Phys Med Rehabil. 2019; 100:551-561.

127. Dianna Burchel l SHMK, Kathy S . Ski l l -based 
swallowing therapy using a computer-based training 
program improves swallowing-related quality of life and 
swallowing function for adults with dysphagia: A pilot 
study. J Clin Practice Speech-Lang Pathol. 2022; 24:130-
137.

128. Perry SE, Sevitz JS, Curtis JA, Kuo SH, Troche MS. Skill 
training resulted in improved swallowing in a person 
with multiple system atrophy: An endoscopy study. Mov 
Disord Clin Pract. 2018; 5:451-452.

129. Athukorala RP, Jones RD, Sella O, Huckabee ML. Skill 
training for swallowing rehabilitation in patients with 
Parkinson's disease. Arch Phys Med Rehabil. 2014; 
95:1374-1382.

130. Perie S, Trollet C, Mouly V, Vanneaux V, Mamchaoui K, 
Bouazza B, Marolleau JP, Laforet P, Chapon F, Eymard 
B, Butler-Browne G, Larghero J, St Guily JL. Autologous 
myoblast transplantation for oculopharyngeal muscular 
dystrophy: A phase I/IIa clinical study. Mol Ther. 2014; 
22:219-225.

131. Gronhoj C, Jensen DH, Vester-Glowinski P, et al. Safety 
and efficacy of mesenchymal stem cells for radiation-
induced xerostomia: A randomized, placebo-controlled 
phase 1/2 trial (MESRIX). Int J Radiat Oncol Biol Phys. 
2018; 101:581-592.

Received March 11, 2024; Revised April 18, 2024; Accepted 
April 22, 2024.

*Address correspondence to:
Ying Xia, Department of Neurosurgery, Haikou Affiliated 
Hospital of Central South University Xiangya School of 
Medicine, Haikou 570208, China.
E-mail: xiaying008@163.com

Peipei Song, National Center for Global Health and Medicine, 
Tokyo 162-8655, Japan.
E-mail: psong@it.ncgm.go.jp

Released online in J-STAGE as advance publication April 24, 
2024.

126


